WHITE OAK
10901 NEW HAMPSHIRE AVE.

DEPARTMENT OF THE NAVY SILVER SPRING, MD. 20903-5000

(202) 394-
NAVAL SURFACE WARFARE CENTER
DAHLGREN, VA. 224485000

DAHLGREN, VIRGINIA 22448-5000 (703) 663-

IN REPLY REFER TO:

R42/5600
12 December 1991

Mr. Mark Goldfarb

Palisades Institute for Research Services Inc.
Power 92

2011 Crystal Drive, Suite 307

Arlington, VA 22202

Dear Mr. Goldfarb:

Submitted herewith for inclusion in the 1992 Power Modulator
Symposium is an abstract entitled "Study of Intense Relativistic
Electron Beam Modulation by Wakefield Effects, by J. Miller, R. F.
Schneider of the Naval Surface Warfare Center. This paper has been
reviewed by cognizant naval authorities. It is approved for public
release.

Further correspondence intended for the authors should be directed
to the attention of Dr. Ralph F. Schneider, Code R42, at the Naval
surface Warfare Center, White Oak, Silver Spring, Maryland 20903-
5000. !

Sincerely,

' CARL W. LARSON, HEAD
Physics and Technology Division

Encl: (1) 1 copy of abstract

DEEYRIBUTION STATEMENT A %

Approvad for publls selecse; %
Distribution Unlimited

PYTTTIY £y . 7
DTIC QUALITY IRSFECTED 6

 PLEASE RETURN T0 19980309 1 62

BMD TECHNICAL INFORMATION CENTER
BALLISTIC MISSILE DEFENSE ORGANIZATION
7100 DEFENSE PENTAGON
WASHINGTON D.C. 20301-7100

U5l




Accession Number: 5122

Publication Date: Dec 01, 1991

Title: Study Of Intense Relativistic Electron Beam Modulation By Wakefield Effects
Personal Author: Miller, J.D.; Schneider, R.F.; Nguyen, K.T.; Stark, R.A.; Weidman, D.J.

Corporate Author Or Publisher: Naval Surface Warfare Center, White Oak Silver Spring, MD 20903-
5000

Report Prepared for: Strategic Defense Intiative Organization,SDIO, 1717 H Street NW Washington, DC
20301-7100

Comments on Document: From Poet; The abstract of an article submitted for inclusion in the 1992 Power
Modulator Symposium.

Descriptors, Keywords: SDI Plasma Density Wakefield Power Modulator Symposium Electron Beam
Propogation Ion Focused Regime IFR Oscillation Current Energy Channel Simulation Waveforms

Pages: 17

Cataloged Date: Jul 05, 1994

Contract Number: N0001490WX1550531
Document Type: HC

Number of Copies In Library: 000001
Record ID: 28952

Source of Document: Poet




« v »

Pobloe /}—-Pfu'/:: Do not mw"’ P?u&c refurm-to RYz (Jc.lmm'oler)

STUDY OF INTENSE RELATIVISTIC ELECTRON BEAM
MODULATION BY WAKEFIELD EFFECTS*

J. D. Miller, R. F. Schneider, K. T. Nguyen,”
R. A. Stark, and D. J. Weidman”

Naval Surface Warfare Center
“Mission Research Corporation
®University of Maryland and Advanced Technology Research
An experimental study has been undertaken in order to investigate plasma wakefield
effects produced in intense electron beam propagation in a background plasma. A 2 MeV, 1
KA, electron beam is used fqr this experiment. A 50 cm diam., 3.6 m long drift tube is
filled with a background gas, typically trimethylamine (TMA). This gas is ionized by
electrons emitted from heated tungsten filaments which are biased at approximately -100
Volts. The resultant plasma density is fairly uniform and is adjustable in the range 108 to 5
f

x 10° cm?. A higher density Ion Focused Regime (IFR) channel for electron beam
propagation is generated by KrF-laser (248 nm) ionization of the background TMA gas. The
intense electron beam propagating on an IFR channel in this background plasma experiences
wakefield effects due to the natural oscillations of the background plasma which are excited
by the beam current risetime. The E, component of the induced field is responsible for
producing beam current modulation near the background plasma frequency. The results scale
with plasma density as expected and current modulation is nearly complete for a certain
parameter range. This technique may be amenable to a high power microwave generation

technique analogous to the relativistic klystron. Detailed experimental results of beam

modulation will be presented.

*Supported by SDIO under funding document number N0001490WX 15505 and Independent
Research at NAVSWC.
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EXPERIMENTAL CONDITIONS

beam current, [,=1 kA

beam current risetime, 7=4-5 ns

beam energy, V=1.7 MeV

beam radius, r,=1.5 cm

channel radius, r,.=1.5 cm

space charge neutralization fraction, f,=0.9
background plasma density’, n,=10% - 2x10° cm™
g parameter, g=n /n,=0.01 - 0.06

propagation distance, z=3.6 m




EXPERIMENTAL CURRENT WAVEFORMS
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TOP (BOTTOM) WAVEFORM: CURRENT ENTERING
(EXITING) THE PLASMA-FILLED TRANSPORT CHAMBER




EXPERIMENTAL B-DOT LOOP RESPONSE
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Oscillation frequency from the unintegrated B-dot loop data as

a function of the background plasma density. The solid line is

a least-squares fit to n,"”.
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RADIAL POSITION (m)

RADIAL POSITION (m)
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Beam and plasma electron trajectories from MAGIC simula-
tion at (a) t=4.8 ns, (b) t=9.6 ns, (c) t=14.4 ns, (d) t=24.0
ns
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BEAM CURRENT WAVEFORMS FROM

THE MAGIC SIMULATION
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BEAM CURRENT LEAVING THE
TRANSPORT CHAMBER FROM THE
MAGIC SIMULATIONS
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EXPERIMENTAL CURRENT WAVEFORMS

Experimental data: I,=700 A, f,=0.5

current (500 A/div)
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EXPERIMENTAL B-DOT LOOP RESPONSE

Experimental data: I,=700 A, f.=0.5
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SUMMARY

@® Modulation of the beam current due to
plasma wakefield effects has been
conclusively observed during IFR transport
of a high-power REB immersed in a low-
density background plasma.

©® Good agreement between the experimental
results and the MAGIC simulations has
been obtained.

@ Strong modulation leading to beam current
disruption has been observed for plasma
density values in the range 1.0x10° -
2.0x10° cm™ for a 1 kA, 1.7 MeV, 5 ns
risetime electron beam after only 3.6 m of
beam transport.




